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First 


hoice 


in 1940 


Foxboro’s latest achievement in the same 
‘practical performance” tradition—a 
pyrometer-controller with indicating and 
recording functions — a clear “‘first’’ in sen- 
sitivity of detection, in flexibility of control 
action, and in adaptability to critical fur- 
nace conditions or processing requirements. 


Over the past quarter-century, metallurgical progress 
and advancements in pyrometry have been so closely 
allied —so inescapably interdependent — that it has 
become impossible to separate their respective contri- 
butions to industrial achievement and modern ways 
of living. Thus, without attempting to isolate its own 
part in the advance, Foxboro takes pride in its continu- 
us association with those who have taken the lead in 
mproving metallurgical techniques, in raising the 
properties of metals and lowering the costs of manu- 
facture. 
After all, an “improved” instrument cannot be de- 
gned in a vacuum--it must lead to a practical advance 
1 its intended industrial application, or stay on the 
nelf. The way to verify instrument progress, then, is 
t by the additional intricacies within the case, but 


y the improved performance of well instrumented 


Ficst in 19/4 


The Tapalog — first multiple recording pyrometer 
built in the United States. Its practical performance 
under actual conditions of plant operation set a 
course for a quarter-century of progress in indus- 


trial pyrometry. 





plants. That is why Foxboro knows no better evidence 
of its own achievement than the fact that, in plants 
throughout the nation, new advances in metallurgy 
are continually being made because of the higher 
standards of accurate measurement and precise con 
trol which Foxboro instruments have made available. 
The Foxboro Company, 46 Neponset Avenue, Foxboro, 


Mass., U.S.A. Branch Offices in 25 Principal Cities. 
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The Latest in 
CONDENSERS 





+ Developed primarily for the U. S. 
Signal Corps and for use in aircraft- 
radio, police-radio, sound-system and 
other equipment where continuity of 
service is a prime requisite, the new 
Aerovox Plug-in Electrolytic Series 


AP opens up untold possibilities. 


Readily removed, tested, replaced, 
these pertected octal-base electrolytic 
condensers handle as easily as a radio 
tube or vibrator. Assemblies can be 
equipped with fresh plug-in electro- 
lvtics immediately prior to shipment 
or to actual use. Users can have 
“spares” on hand. The many problems 
encountered in providing a tight, leak- 
proof, hermetically-sealed octal base, 
together with positive elimination of 
corrosion, have been fully solved. You 


are offered a pe rfected product. 


Write for DATA ... 





CORPORATION 


NEW BEDFORD, MASS. 





i CANADA: AEROVOX CANADA. Limited Hamilton. Ont. 


Instrumenis 
THE MAGAZINE OQ] 
MEASUREMENT 
and CONTROL 


Vol. XIII MAY 1940 I 


FRONT COVER: Blast fu 

Furna s. Cart ait : Cy 
EDITORIAL COMMENT 
NEW INSTRUMENTS 


OPEN-HEARTH BATH TEMPERATURES 


By L. O. Sordahl & R. B.S 


LOCATING BURIED CONDUCTORS. € 


By J]. G. Gross (Fifth P: ) 
By H.C. Mareroft (Hon. Mention) 
By K. J. Granbois (Hon. Mention) 


PHYSICAL PROCESSES AT POINT WHERI 
HARDNESS IS MEASURED (Conclus ) 
By S. R. Will 

INSTRUMENTS BOOK SHELI 


MANUFACTURERS’ NEW LITERATURE | (1 


ADVERTISERS’ INDEX (I 


Published Monthly on the 15th by 


THE INSTRUMENTS PUBLISHING COMPAN 


1117 Wolfendale Street, Pittsburgh, Pa. 


RICHARD RIMBACH M. F. BEHAR 
Managing Editor Editor 
AN ‘ 
18 
A < \ 
Fr . ¢ 
h itt h A Marck 8 
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BEHAR., Editor 
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and Control 











“Coordinatographs” 


ack of a more easily pronounced name, this jaw 


is used as a title. It is the generic designation 


¢ 
i 


sional, we hope!) of a group of recording instruments 
ng a better name because they deserve your thought 
recorders may defined 
“r-y”’ diagrams. As rule, a coo 
graph has a single its function is to plot 


itically the mutual values of two measurables, neither 


nsideration. These be roughly 


which produce 4 


S¢ 


pen and 


ich Is titne. 
st and most familiar example in engineering is. the 
ry engine “indicator” which produces a_ pressure 
diagram. 


example in physical testing is the autographic stress 
recorder which produces a load-deformation curve 
example in chemistry is the ‘“Polarograph” which pro 
the current-voltage curve for the Heyrovsky method. 


J 


acoustics there are automatic analyzers which plot 
bels frequency. 
electric power transmission engineering there is the 


and Gross Equipment which produces frequency 
ent peak charts for locating faults. 
Mi spectacular of all, perhaps, Ralph 
er’s spectral-distribution color analyzer which produces 


yet 


is Professo. 


ive-length vs. relative energy curve in 1/20 second. 

In these six examples we have twelve different measut 

and different methods of displacing a 

a pen, a drum, a light spot or a cathode-ray spot. 

e only example where the same method i for “ar” 

for “y” is the last one, in which electrostatic deflection 
both. But 


elements eleven 


neil, 
s used 
d for 
different methods could be used, the second being mag 


St even in cathode-ray oscillograph 


a 


tic. Indeed, there are not merely an even dozen different 

ods, but perhaps more than twenty. Some of these are 
|. Examples, both the and the 
i-drum of the classical Some 
xamples, both the e-m. and e-s. 
A few 


piston-and-leve string 


indicator. new. 
methods of deflecting a 


methods are well-known; 


engine are 


neil of electronic bullets. 
re are little-known. 


Our special purpose is to call attention to the possibili 
the 


s opened up by development of thoroughly reliable 


ay, follow-up and servo-motor devices, such as are suc 
ssfully employed in self-balancing bridges and_ potenti 
neters, In telemetering systems and in automatic-control 


stems. These mechanisms are capable of moving a pen 
they chart in 
without causing the 


marking device all the way across the a 


seconds—or in less than a second 
cord to deviate appreciably from the instantaneous values 
magnitude even the unamplified 
of the utilized effect of the of 
cro-microwatts. Well, then, why not use any one of these 


the when 


recorded 
illable power is orde} 
erfected and commercially-available mechanisms to position 
chart drum according to the value of ‘“.r” while anothe 
asuring-and-operating system the 


iliat ofr *‘a7""" 


positions pen in the 


way, according to the value 
It 
loo often, for lack of acquaintance with this possibility, 
order is placed for 
even for two recording instruments—when the real rr 
" diagram. 


ex 


sounds easy. It is easy. 


a two-pen or two-point recorde 
llrement is not for a time record but for an “‘.r-y 
came such installation. It 


iined to us by a friend who displayed pride in his solu 


recently across an was 


n. When we began to talk about simultaneous ‘‘r-y’’ dia 





grams he cut us short scornfully, asking “How in he 
you use either an engine indicator or an oscillograpl 

We suddenly remembered J I Allen’s article 1! i 
March 1936 issue and asked him t look it up. He eacne 
for his 1956 volume, found the place, took a glance at the 
photograph on page 69, and exclaimed “Why, that appa 
ratus must have cost five or ten thousand dollars!’ 

“If it did,” we replied, “only a small fraction of t 
was represented by the measuring system and chart d 
whereby frequency is substituted for time. Anyw n 
contention is that you can have your chart continuou 
re-positioned by either of your two variables instead of 
a clockwork.” 

And so, perhaps, can you! 


The 1941 


EAR afte) 


veal 


every 


INSTRUMENTS 


of the January 


solute perfection, it is realized that t 


Issue 


cation, ete., could be 


best able to 


Suggestions. 


suggest 
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INDEX 


Since 


improved. 


Im}? 


effort 


ovements 


A.S.M.&C. Elects Pigott 


PITTSBURGH, 


Measurement and 
Officers, at its mee 
torium of the U. S 


in the 
Nominating 


Pre sident 


unanimous 
Committee 


Control 


April 


t1 
ae 


hy 


held 


ureau 


election o 


A eee 


if 
f 


headed 
Engineer, Carnegie Institute. The 
Pigott, Head 


Research & Development Co., 


Harmarville, 


Engineering 


re 


Va. 


Vice-Pres M. F Behar, Editon 

Secretary—Frank ¢ McGough, 
Weirton Steel Co., Weirton, W. V 

Treasurer—Clarke E., 





Fry, Head Instrument Dept., We 





Instrument 


tru? 


is made to perfect THI 
which constitutes Part Tw 
nothing human can attain al 
he methods of classifi 
You who use the Index are 
Pie ist send l! l 
The Americal SOCTETY I 
announces that the Election f 
April 29, 1940 in the Aud 
Mines, Pittsburgh, result 
the slate submitted by 
by L. M. Susany, P 
new officers are 


Pa 


) 
nont Pitts} 


inghouse Electric & Mfg. Co., East Pittsburgh, Pa 
Director—M. WD. Johnson, Chief Inspector, Cate 
Tractor Co., Peoria, Ill. 
Director—J. B. Keller, Chief Instrument FE) e Ca 
negie-Illinois Steel Corp., Clairton, Pa 
Reginald J. S. Pis was graduated from Columbia | 
versity (Mechanical ineering) in 1906. He a membe 
of the A.S.M.E., A-G-A.. S:A.B: and A.P.E. He 
holds r has held fies ! some 
these bodies. From 1918 to 1915 he 
a member of the Power Generation ¢ 
mittee of the A.IE.E. a f P 
Generation Committee of the A.E.R.A 
Krom 1916 to date he has been ¢ 
man of the Special Research ¢ tt 
nn Fluid Meters, A.S.M.E.; | na 
Main Research Committee, A M.1 
member, Main P ‘ | & 4 ‘ 
Committee, A.S.M.k. and Chair 
tw of the sub-committees ( ( 
A.S.M.E. Special Committes Sy 
and Abbreviations. He is the aut! f nume is pape 
power plant design, flowmeters l cation, ete. H 
fessional work has ranged from designing ecislol t 
ments to designing huge powe nts, from teach 
neering to Managing Mal ifacturing establis} ent 
















































MOELLER THE MONTH'S NEW 
PRECISION GRADE INSTRUMENTS 


om INSTRUMENTS 


* 


nt we strive to report each month ALL the new devices for mea 
nspection, testing, metering and automatic control—in the form of concise tecnica 
When writing to manufacturers directly, please mention this department as yc 


nformation. Or write to Information Section, Instruments Publishing Company 








Moeller mercury thermome- 


ters are made with the Moe 
eg Industrial pH Recorder Juice Measurement Syst 
3 3 unc i 
r n n a 
. _» i 
ok 
| * 


Moeller dial ther- 
mometers a: 






Moeller recording thermometers ere 


kew furnished in various ranges up to 
00°F. or equivalent. Round and square Lubricated-plug Cock Film Dryer 
vis sate for Gage Lines ntin gt 
Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 


MARINE INSTRUMENTS, ETC 


Write for catalog. 


MOELLER—— 
INSTRUMENT 
——COM PANY 


STREET d 89th AVENUE 


RICHMOND HILL NEW YORK 























Inductor-type Dynamometcr 


On iets ress 
ances nome © METERS and CONTROL 


Sewice... 





Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage. low- 
erstandby costs, 
and add capae- 





itv. They indi- 





cate. record and 
integrate Steam 





Flow from the 





l na itr at boiler. record 

field cuit. If prime 2 er i n it Air Flow sup- 
rmal-combustion engin nter it of plied for com- 
nitior nt eK nist temipe ture bustion and record Flue Gas ‘I emperature, 


Bailey Boiler Mete 


a — Multi-Pointer Gages for indicating 
si drafts, pressures, differentials are available 
ise with any number of pointers from one to 
twelve. They are actuated by sturdy vet 


Extreme-precision Bourdon 
Tube Gages 


sensitive diaphragm units 


329-335 MALSTED STREET ° ° . CHICAGO. ILLINOIS 











* inut enlibratior c ? 
s ib 1 pacit I 
Moisture © ayes 
nit feise hourd Lal Multi-Pointer Gag 
ries \ fak.. Bitdo ( 
Teller Flow Meters. For indicating, reeord 
‘ ing and integrating the flow of steam. feed 
Manual Voltage Regulators water, compressed air and other fluids 
* for Three-phase Operation Granular Material Meters 
rene se For accurately measuring 
I } the flow of coal or other 
granular materials in 


gravity chutes from over 
head bunkers. The total 
quantity of granular ma 
terial is shown on a large 
illuminated counter which 


mav be easily read at a 





distance of 50 feet. 
Rapid and accurate moisture test in per 
entage by drying. Drying temperature 
controlled by thermostat. Ideal for plant 
moisture control or laboratory moisture 


volt cir sti: ae Control Systems 
t Ota Make possible the every 





; aoe ee ; 
determinations day operation of equipment for steam 
Ti ° ° ° Di 
= Ng gpl to ay the majority of generation and utilization at test eflicien- 
me ais is one minute. 
Suitable for granular—fibrous—crystaline A x cies. They are applied to the control of 
Matariats in: sidustiies: such’ se imu : combustion, feed water. superheat, ce 
: Bec ‘ superheat and other factors. 
| Sand—Textile—Tobacco t - is al 
| j ’ Complete Information on any of the above Bailey 
| Ceramic—Rubber—Food products will be gladly furnished upon re quest 
“ar . t pow >-14 
Wood—Mining—Leather 


Write for Literatur tite BAILEY METER 
Harry W. Dietert Co, |e cic Sn BR eS ge 


9330-C Roselawn Avenue pile I l g unl A 
peceroey  <0ee Orne cee emney. 138 2S 1041 Ivanhoe Rd., Cleveland, Ohio 


Detroit, Michigan ee : “i ae 7d ( 
Caml e, Mas BAILEY METER COMPANY LTD., MONTREAL 


INSTRUMENT 
Ma 194 * 























Replica Diffraction Gratings : eae as Ollie Gk ie 
| PLASTOGRAPH] © & vermin beterrne: 





Midget Capacitors 


Recording Plastometer—based on the dyna 


ind practically weigh 


£ t city t the different materials 

Measures consistency over a wide range of 

om fairly viscous, syrupy sub 

unvulcanized rubber Has been 

ed successfully in RESEARCH as well 
PLANT CONTROI for continuous . . 

} low! ndu . a a) < 

n the following industries Inside Micrometer 

RUBBER CELLULOID ARTIFICIAL SILK - 

PHOTOFILM ACTIVATED CARBON—PAINT 

ER—STARCH—DEXTRIN AND GLUE 

TAR—ASPHALT—As well! as for TESTING OF 


Int 


for Highway Building 








Can be supplied with various types of mixers 
water icketed tor efhicien 
{ iture control. Has three different sen 
. sitivity settings d can measure and record 
Multiple Rotameters within each desired range with three times 
ind five times increased sensitivity by the 

a t zero-suppression 


Pamp/ n Request 


BRABENDER CORPORATION 


ROCHELLE PARK, N. J 




















Philadelphia Langs tong ere borgete trae 

Merc-to-Merc uh em ead Bi oe 

Thermo - Regulators | oe eas 
Feature Tube Tester 


Model 1 the PMT 














Mercury to Mercury 
Contacts : Increased 


Contact Capacity : 








Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 


Ranges to 700° F. 


Photoelectric Color 





Comparator 
e 


Philadelphia Merc-to-Merc 





Temperature Controls och i for all tubes that 1 


1 > wit 
: t theroeby minimizir 
I ‘ t | 








| 1( j 
l e * ti? } tte 
The Philadelphia Thermometer Co. : aw ayy 
915 Filbert Street . Philadelphia int pir et 
\ ‘ 1 tt I 
Oldest Thermometer Manufacturer , 1 inte tt 
im Philadelphia 
i } ‘ I 























BINDING POSTS 
PHOTO CELLS 
SENSITIVE RELAYS 
OLDED INSTRUMENT SOCKETS 
TIP JACKS 
MOLDED BAKELITE PARTS 
METAL STAMPINGS 


LAMINATED BAKELITE 
STAMPINGS 


CONNECTORS 


INSULATED WIRE CABLE 
ASSEMBLIES 


Adequate facilities for 
Complete Assembly Work 
Storage—Packing—Shipping 


HUGH H. EBY, Inc. 


4700 Stenton Avenue 
PHILADELPHIA, PA. 








FALS TROM 





STEEL 
PANELS 


FALSTROM Precisioned Steel Panels 
are specified by engineers for their 
Strength ... Durability ... Fine Ap 
pearance ... for use in— 





POWER PLANTS 

OIL REFINERIES 

PUBLIC UTILITIES 
PROCESS INDUSTRIES 
COMMUNICATIONS 


l bluepy 


FALSTROM 


COMPANY oF DASSAIC 





SE 
UC 


































Short-range Thermometers 
with Control Electrodes 


A 


| amp 
WW 


Kilovoltmeter Multiplier 


l Multi} 
x ’ 
potential M 
Iitustration—See manufacturer's 
advertisement on this page 
ete 
} li 
its } | 
I) 
! it | 
‘ D 
rir { 
It 
ibutior 
it t 
! | 


“Unbreakable” Mercury 
Relay 
New | 1 M 


triihs na 
i 











Consider the 
safety angle 
IN MEASURING HIGH POTENTIALS! 

se the 


SHALLCROSS 


PORTABLE KILOVOLTMETER 








You'll tind this not only a practical 
and inexpensive instrument but one 
with an unusually high safety 

as well, A compact, relatively small 
unit that can be portable, or perma 
nently installed 


eparate mu pliers can % rurnishe 
~ t ltupl be t hed 


for a wide variety of standard instri 


vents used for measuring potentials 


up to 25,000 volts A.C. or D.¢ 


Not affected by humidity. Easily ad 
apted for use as resistance standar 

parucularly those multipliers for us 
with low current instruments requit 


ing high resistance 


SHALLCROSS "AKRA - OHM" 
RESISTORS 

Type 110—are used in this box and 
there are none tiner. Calibrated to at 
accuracy of 0.1 of 1 Wound with 
as insulated resistance wire or 
precision machined forms made of the 
finest grade of non-hygroscopic cera 
mic material available Moisture 
proof. They hold their calibration 

i A B \ 

HI R B N H 


SHALLCROSS MFG. CO. 


Instruments — Resistors — Switches 


COLLINGDALE, PA. 














Stereoscopic Microscopes ~ / 


ie 


4 G : 
FOR aX. it 
‘SCIENTIFIC, 


USES 7” SSS 
— iy 
\ “Any 









Selection of 
TIMERS and 
CHRONOGRAPHS /, 
Best Quality 


in every 
Price Range 


‘ 
/ FREE ° 
| Catalog 

\on See j 


JULES RACINE & CO. 


20 WEST 47" ST., NEW YORK 








TRU-VAC 
VACUUM GAUGES 


"39 50 
Circular on Request 


CONTINENTAL re co. 


Ball-bearing Motors 














Vacuum - - - 
Thermocouples 


fealhrineg 





American Electrical Sales Co., Inc. 














E. 8th ST NEW YORK. N. ¥ 
SMALL DRILLS 
BLACK GRINDING DISCS 





H. C. M. ENGEL, Inc. 


©. O. BOX 233, SIDNEY, NEW YORK 











Short-wave Transmit 


for Research 





Automatic-reset Timer 


RESET TIMER 
MODEL A BS) 


; ay 
ISS = 





















roe 
[9g 
i 
yp 
CENTRALIZED ] 


comBusTion & 
CONTROL 





Recording Thermometers 


MICcOo— oO" 
INGRAVER jers for tompe 









lettering panels of steel, alumi- 
brass, or bakelite, or for marking 
finished apparatus. 


m, 


tachments adapt it to small o1 


work on flat or curved surfaces. 
cellent engraving can be prceduced 


nexperienced operator. 





Widely used for production as w 
nal engraving. ti hatean ° 
" ? 7 { 1 
plé of / Kr and ecatalogiie 
I nt 
oO? egquest, : 
N 


Price with Type—$113.50 
Mico Instrument Co. (1 


16 ARROW STREET 
CAMBRIDGE, MASs. 








IMPROVED Instantaneous-reset Timer 
“SPOTLIGHTS” «=... 


vy rp jonwi Daas aids Kok & Hays is the one truly CEN 





ra 


TRALIZED control system—All of 


the control and measuring instru 
ments are contained in one pane 
Here is concentrated all informa 
tion necessary for an intelligent 
understanding of what is going on 
inside the furnace, boiler and 
steam lines. And from this centra 
panel the entire control systen 
any individual part of it may | 


operated manually 











bicon MULTIPLI REFLEC PION galvanon Hays Centralized Combustion 
rs Nave recently yeen much Improve . 
gh redesign of optical system lhe def oC) Control 1S offered through Capac 
ion of the line-image is now so sharp tt I . : . ; 
lings can be estimated to .1 of a_ mill engineering organizations loc Tea 
livision tt . . . e . r 
These sturdy self-contained galvanometers a | ill principal cities ot the U.S.A 
ble with sensitivities as high as 5 x 10 | 
pere and 1 x 10-6 yolt per millimeter d i . and Canada. Correspondence is 
iin weak: teamcaietild ade ' invited. Send for our 40 - page 
RUBICON COMPANY : aap naan hatred 
ctrical Instrument Makers , nue, Michigan City, Indiana 
eek th St. Philadelphia, Pa 
vanometers, FElectrometers, Potentiometers 
rimeters, Wheatstone & Kelvin’ Bridges 
stance Standards, Resistance Boxes, Coil 


rs Clip-on Ammeters, etc 














Photoelectric Control Units 





Exposure Meter 





INSTR MENTS 








TETCO 
Speed Recorder 
ron 





Creates a permanent time rec- 
ord on a waxed chart. Accu- 
rately records rate of produc- 
tion, time and duration of 
stops, total quantity produced. 
The Electric Tachometer Corp. 


1358 Spring Garden St., Philadelphia, Pa 
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ABRASION RESISTANCE 
PLASTICS + ORGANIC COATINGS 
ELECTROPLATE + TEXTILES 
SHEAR HARDNESS 
PLASTICS + ORGANIC COATINGS 
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HARDNESS 
TESTING... 


done WITH NO MENTAL HAZARDS. 
The SCLEROSCOPE has done it for 


the past 30 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 


inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue Jamaica, N.Y 
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Thermometers 
Hygrometers 
Psychrometers 
Hydrometers 








Several hundred A 
types and varieties 

of instruments are ww? 
described in new 

Catalog 110, but 

since ALL of them 

are produced in 
our own factory 
under our own ex- 
perts’ supervision 
the best materials 
and high-grade 
workmanship — char- 
acterize EACH of 
them. 

Our customers 
find special satis- 
faction in the 
choice of FOUR 
different styles of 
thermometer glass 
1. White enamel 
back: 2. yellow en 
amel back; 3 
Hespe:; 4. red-read 
ing mercury 


























Wheelca 
RECORDING 
THERMO-TROL 





CONSTANT VOLTAGE TRANSFORMERS 


1 











TWO WIDELY USEFUL NUMBERS 


(Lett) N 169. For pressure-cooking 
processes, with twe scales 170-270°} 
ind 0-30 lbs. pressure. 9” scale length 
(Right) No. 326. Max. & min. register 
ing thermometer n 12 shelter type 
copper case Approx range minus 40 
to 120°] 


Weksler Thermometer Corporation 


ELECTRIC CO. thicare, ttineis ‘(aie ae gee ces Wheeles Insthuments Co. 


929-33 S HALSTED STREET ° 














Five-range Pocket Ammeter 


La Viet nD? 


Area Determinator Sound-level Meter 
4 AToo | . -R < I 


Determinator permits ray 










Sin bron 











Laboratory Furnace 


Electrolytic Capacitors 











Rawson Indicating Type Ma 


Twin Multimeter 


Damper Operato: 


If 





7 ranges in less space than any near 


valent combination 
iz xe x6 
RANGE OF MEASUREMENTS 





RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


) POTTER ST CAMBRIDGE, MASS 
Branct East 26th St.. New York City 
Representative: E. N. Webber 
3 W. Randolph St Chicagu, Iii 











Volume Controls 


| INTERVAL TIMERS 
| PROCESS TIME RS 
| SIGNAL TIMERS 
| 
| 
| 














TIME SWITCHES 
Fr LASHERS 
AUTOMATIC weg °° Manutacturing Co. 

















NATIONAL 


bh HW IK: OsT A TS 


for Catalog Nie 
National Ele ric Controller (¢ 
5317 Waites d Ave., Chiesa, li) 
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mT Vitee — | 


nanutacturers is the knowledge that the correct tem perature has been 
their various manufacturing processes and that the record ts reliabl 
Confidence in the Recording Thermometer is of utmost importance and those wl 
ise; Palmer Thermometers know that every Palmer product is thorough! 
lependable 
This NEW Palmer Recording Thermometer was not placed on the market unt 


every detail had been perfected. It is the outstanding Recording Thermometer eve 


vlaced on the market for superior workmanship, sensitive registration of tempera 
re and absolute accuracy 
Be certain yvour next Recording Thermometer is a PALMER 
(Write for Bulletin No. 13 
Manufacturers: Industrial, Laboratory, Dial € linge Thermometers 
2511 NORWOOD AVE INCINNATI NORWOOD OHIO 
CANADIAN PLANT: KING & GEORGE STS TORONT 




















Fabric Tester 


A brase} 


Line-pressure-operated 
Pilot Valves 


ontrol 
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Nuit 





| A COMPLETE instrument 


for your 


NOISE and VIBRATION TESTING 





It’s the RA-281 Recording Sound Frequency Analyzer 


Te RA-281 is an adaptable instru- 
ment which meets the varied re- 
quirements of almost any noise or 
vibration testing problem. It serves as 
either a standard high-precision sound 
level meter or sound frequency analy- 
zer: itis used with either the hich stable 
Western Electric moving coil micro- 
phone or a new moving coil vibration 
pickup; it delivers the data on a large, 
readable indicating meter or an auto- 


matically recorded graphic record, 


Calibration to Bell Telephone Labora- 
tories standards assures precision. 

Phe RA-281 is used by an impressive 
list of prominent industrial firms and 
government departments, 


Write our Engineering Laboratories. 
Electrical Research Products Ine. 
Western Electric 
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NEW 


A midget 
capacitor 
motor with 

built-in 
speed reducer 


l¢ 
but rugged buil 





Here’s a new, small, 
in spur gear speed reducer moto! 
designed especially for continuous 
duty on instruments, timing mech 
anisms, and various control apparatus 
requiring exceptional reliability 
Available in synchronous or non 
synchronous capacitor models, in 
speeds from one to 300 rpm an 
torques from 1.3 to 120 inch-ounces 
The motor develops trom 1 750 
1/2000 hp, depending upon the iype 
of winding used. 


BODINE 


FRACTIONAL H-P 


MOTORS 





ss ee ee eee ene 


Se Be ee eee eases 7° 





1 1500 Hp Continuous Duty 


The ype K 
motor. It has pe é 
ne ind erna é 
brushes. It has distributed w ling 
high starting torque 
and can withstand stal 
: rhs 
indefinite Th sy 
g 
init s full e losed ° 
. i ‘ ‘ 
SI € ¢ Piele ) | 
te | 


Write for Bulletin y 


pany 


Chicago 


ss ee ee BS SS | By 


eases SeeBBBBBBBBRBRR RR SR SES SEE BEER SE 





0.K., Pete; try it, before these 
sudden control upsets lick us. 
lf this Pre-Act does the job, 

it's a few dollars 

















WHAT WILL TAYLOR’S PRE-ACT DO FOR YOU? 


lating which sudden control disturb 


those costly, sudden control 
hances. Try this new Taylor 
ope Control effect based on rate 
ntrol-point deviation. 


ACT, Taylor’s unique new control 
,isavailable with both Adjustable 

ity and Automatic Reset types 
e great new Fulscope Controller. 
duces the over-peaking and oscil- 


ances have been causing you on 
continuous processes that involve both 
long time lags and large capacities. 
The reason-why is apparent: Pre-Act 
immediate, relatively 
larger valve action based on rate of 


brings about at 


control-point deviation. 
You may get Pre-Act as a standard, 
fully adjustable unit assembly which 


may be ine rporated In the new he 
of 1; : rT’ ari 

cording or Indicat ng lTavlor ft ulscope 

‘ 17 4} = 3 1 

Controllers, eithe originally o yhe 


you desire to. 

Ask the Taylor man for full detail 
TODAY. Or Taylor Instrument 
Companies, Rochester, N. Y. 
also in Canada. In Great 
Britain: Short & Mason, Ltd., London, 
I 


ingland. 


write 


Toronto, 


These Design Features of the New Taylor Fulscope Controllers Insure Consistently Better Performance 


Automatic Reset (in the instrument cass 
nd continuously adjustab 

re, permitting the or 
requirements demand 


ted for even per 


specie 
precisely construc 


e and easy maintenance, 


Fully Pneumatic Sensitivity Reduction—CGives 


sistent performance throughout thi 


itivitv range; minimizes the effect 


ent fri and automatically « 
or f 
ovement and output pressure hav 

relationship that insures better 
itions. What's more, 


ity 


tion 


ictuations in air supply pres 


mn difficult applic 
Vial controller sensitis 
out the entire range with negligib 
rin output pressure and without dis- 


to the control point. 


Universal Application— Same control mecha 


1 tor temperature, pressure, rate of low, 








and li mid level in recording ar 1 air 


tit 


Quick-Change Unit Construction— No 
Joints, 1 rews t 1! ( <¢ 1 


{ ] 
Mela 


Pre-Calibrated Actuating System—\| 


Intercl ne i than ey 

Magnifying Adjustment Dials—[\siv- I 
Easy Convertibility— rom direct to rever 
action, 

Universal Case— Made of die-cast slum inun 
for face or flush mountir 

Electric Chart Clocks—Redesigned, with im- 


Only the New Taylor Fulscope 


Controller gives you these 


5 FORMS OF CONTROL 


Fixed High Sensitivity—[or 01 
trol on applications with st 
and large « ities 


char 


\ 


Adjustable Sensitivity—{or tli 


uent orl nor il 1 


Adjustable Sensitivity withAutomatic Reset 


lag 





sustained 1 changes, 
Adjustable Sensitivity with Pre-Act— 
lor pplications witl wide ral i til 


l ( mmersed 


Inbuilt Air Filters—| 
nd i} Ch 
1 drip w 
Quicker Chart Changing —>« 
{hub nut eli ted 
Accessibility — |) 


ce it W 


Longer Life—.\|! { | of Is 





Adjustable Sensitivity with 


Automatic Re 
set and Pre-Act— ultimat 





be 


Indicating 


Recording « Controlling 








ipa PRESSURE, FLOW a LEVEL INSTRUMENTS 
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Height and Depth ( 


CO, Analysis 


ina 


Few Seconds? 


Yes, it requires only a 
rew sec nds tO obtain a 
CO: analysis with the 
ENGELHARD FLUA- 
LYZER, and, any me- 
chanic can make the 


checks accurately with- 





out special training. Tests prove that you will get resulis 
within .2 to .4 of 1°, CO against accurate Orsat checks. A 


list of users of this instrument will be sent upon request. 
SEND FOR BULLETIN No. 700 


CHARLES ENGELHARD, Inc. | | 


90 Chestnut St., Newark, N. J. 














Cemperature twental Machi 


Cesting yon ven pcg 
SIMPLIFIED by onang * 


’ 
MODEL 


-F3- 10-P0 








READ otherwise inaccessible ten t direct deflection instrument plus 
peratures in plant or laboratory these features 
, 
ake sure recorders, pyvrometers, 1. No Standard Cell —Jusr a ti 
i ‘ ollers operate on correct indi 1. Thus ins nent witt 
P | Dd empe c ge 
cation. Whatever the application, J-B-T 
a a : PI , Truly Portable—W eighs less ch 5 
Mode 0-PO simplities reading by 4 Mie : si ' 
nating the balancing overations of 3. Multiplicity of Thermocouples—W itt 
ventional potentiometer-pyron sw t number of therm 
with nterruption for b 
4 4 sS ~ - 
Sensitive Galvanometer—S 
C,uarantec 1 ite { 1%, : ‘ : f } 
f ects ic¢ i¢ indicator.r 
, 
tal scale deflection, this new type t y precise etectior n 
nstrument indicates quickly wherever Hand-drawn Scale—Choice of mirror s« 
1 | k te ‘ ‘ bh 
a the couple up can be inserted ine 
at atn spheric ranves or up to 0-4000 ' 
rH Sap rs , ; Write for details and quotations on 
ere Is potentiometer independence Model 70-PO. al : : 
‘ , Ode 0-PQO, also electric tachor rs 
Ca esistance with ease of reading ‘ : 5 c tachometers, 


] 
laboratory galvanometers, pyrometers, 


ind resistance thermometers 


J-B-T INSTRUMENTS, INC. ricluting zine on 


44|-E Chapel St New Haven. Conn 














Measuring Open-hearth Bath Temperatures 


By L. 0. SORDAHL and R. B. SOSMAN 


Research Laboratory, United States Steel Corporation, Kearny, N. J. 


NEED OF A METHOD FOR ROUTINE Us! 1} ion fron ey, , 


1any years the steel industry has felt the need 
iecurate method of measuring the temperature of a practical and dependable met! f itine 
iid steel in the open-hearth furnace quite reliable readings were a btaine 
necifications for this temperature measurement are spoon when the procedure is caref 
The instrument must be portable enough to be moved 
ut of the way to clear the floor for charging and DESCRIPTION OF MET 
k. It must be rugged enough to stand steel-n 1D 1 VW 
Ss n which dust and vibration are the principal A platinrhodium-platinut tha P 
It must make an automatic record, independent of any small porcelain tubs f ( (5mm.) 
al equation. Preferably, it should not require highly (1.5n a ae aL r : oie —“— ee 
enced personnel to operate successfully. Finally, it he handled. and its use in the sk it] 
a better job than is now being done by the melter’s — yossible by eneasing it (loo i Seine. aie. hele i 
cys irtificial electrode graphite) 1%4 itsiae te 
ast sounds easy until it is tried. An experienced ng, tapered for 4” at the closed end d t et 
earth melter is able to make a fairly good estimate of The graphite tube with its enc ed pore t 
perature of his metal without the aid of any pyrom mocouple is set in a water-cooled head, and ‘ 
He does it by observing the activity of the reaction be wires are led out through a pipe inside one of the t 
slagw and metal, the brightness of the slag@ surface, the pipes. An essential detail is packit f asbest 
f the metal on an inserted steel rod, the brightness of around the porcelain in the ( g of t f t 
quid metal when poured from a sampling spoon. He is to prevent the rise of gasé cl 
1 by his blue glasses, which are not merely protective steel up into the water-cooled head afte 
ect as a color pyrometer. Although these methods are all begun to dissolve away 
ective, yielding no record in figures, there is no use it The combination is inserted t 
¢ to replace them with an instrumental record that is nace, with a sheet-metal shield proteeting th 
mly to = 25 or 50°F. We need to set our ambition o1 When immersed in the stee te Lit 
atures that are at least reproducible to + 10°F solves away below the slag level, leaving the 
) and if possible accurately measured within that rect contact with the liquid metal and immersed t t 
T tolerances Furthermore, the pyrometet! must he Olle leptl of a) to 8 \\ Ul ! the ~ t t t « 
in be used without interfering too mucl th the melt mains to protect the porcela Re f 
egular work, or consuming too much of his time. We ple are made t i sel C4 t t 
hen have something really usable in cont o the eter and can be continued f several minute 
ace and the quality of the steel porcelain begins to be attacke ed FeO 
e liquid metal is inaccessible to direct obs« tion it under the lifting force of th juid. If t 
furnace because of its covering of liquid slag. It is tru the couple can be used repeated er 
t its temperature can be read with an optical pyromete either CO or Iron vay penetrates tne = 
e the metal is being tapped into the ladle and agai ually contaminates the coupl oe si 
e it is being poured from the ladle into the ingot molds. F. in measuring the metal bath temperat 
est eadadings are 1n themselves quite precise, especial \ of mMmMersiol the couple St uid Dé : I I t 
eadings of pouring temperature, but they are subject ti We found that inequalities in the met ' ' 
ge correction for the emissivity of the metallic surface ceeded the range oF accurat the adi due 
apparent temperature of 2700 F. this correction Since these experiments we B 
ints to +-250°F., using the generally accepted emiss Steel Institute’s Sub-Committ ae 
f 0.4, vieldin g a true temperature of 2950 | There is ture has used a sin r thermo e met 
bjection to adding a large correction provided we are vitreous silica protection tube and no gra U 
e of it, but it is unlikely that emissivity is independent of | SUpportung tube was not ver-cool 
mposition, even though pure iron and iron containing’ sé iy IS Insulating refractory. 1 
| percent carbon appear to have the same emissivity. W« cipa n the acid open-he n the 
already that the emissivity is measurably increased by SIHCCOUS ANG UHErerOre Nov S04 
tain alloying elements such as manganese and chromiun eee geen 
t may, for all we know, be affected Vv the gase escap Ou met! :' t the tne 
from a flowing stream. Furthermore, the eadings es Get oi Us t 
ined when the metal is already out of the furnace or the ; ak ; ‘ 
€ yvnen little can he done to enange or cont e ter the tube met A (aes we . 
iture a 
OMPARISON OF METHODS In an active t t 
In view of the Importance of this subiect to the one there a ays is a . AS ¢ t 
th process, one of the authors (Sosman), with the aid cnchcasehntats ee 1] 
pyrometrists from several steel plants, conducted a ter aacheletee rs ; whe 
comparison of methods for open-hearth bath tempera eeiaeie Pingsieg) iat 
ire at the Pencoyd Works of the American Bridge ¢ , fore the couple te t ; ; 
6. The methods compared were: mass of metal. This point 
solvir tube 1 hod , 
jin} i ¢ 
} t , | 
Siac punl i 
e ms re 
{ T (>) ; ? ‘ 
are y \I | 











] \ ‘ Stee } : r) Se té t} rougt the eket 
tube et 1Sé a it hile st ictive nd al yptical pyr 
‘ e1 e f t itine sighted on the surface of the metal as it boils uy 
t ] t’¢ ilist | T t t t t it { t t hy . ( aused DY tne eCSCa)De T 
et . I kKide from solution as a result f the local ¢ 
Ca ng itt ! t au nye re t Sa oT tne I nace 
1 F 4 4 ( | There Ss ! correction Tor emIsSSIvI1ty 
‘ f r 
ne Te eadgcings ch it was possible to secures 
( t f ] the ¢ 
et ( ere cons ent th the equalization and t 
\ $ f , . f 
methods 
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rt f ele y 
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i r ess cou ‘ 
‘ ‘ + { fy + 4 
+ = + nie t; if 4 
‘ ‘ sf oY ¢ + | + ¢ 
| I tne e fT l te ( ture 
; i viet 
i i t T t t t tl t | t'¢ 
ete l Se! sine tested the ! rie 
T T ‘ ‘ T tur? é rie T T © ¢ l I 
t f ] ts temperature automatica 
4 4 _ + + ] rs 
\ ete is SI¢ ‘ ‘ ¢ 
f + iL il é ne 7 tT t ( 
‘ é the same f ‘ sighted / , 
| ? ry ? T ry ? ‘ ’ , 
‘ | ete ( ] ¢ ( ecte } 
. - . cuit hich 1 tu n the 
T tt« r ce Hew PE? the ny mete 
t = ) } ) ) | +} 
l Z 
f ] t ‘ r cult l ! 
1 SE ¢ nad tine iv { + , 
+ + + + + t 
, ‘ re é ©) r 1)'¢ \ 
2 f et ‘ PF t t + f the 
¢ 1 f il f ~ é e tie { Iie f if t Sma numbe i We 1aing’s that r ) 7 
‘ ? ten F t ¢ vs | + Ss method vere Ke the od-bo temperature, < ? 
| te ‘ t e, Whe et t the equalization and the spoon methods 
| er t temps 7 lie T tT é 
f SN Surface Methor 
‘ ‘ t r | r tomate . 
Vl ‘ temnpe ature yt The pati S ne ed tron a ‘ 
‘ i¢ ‘ the ee” ‘ { the t " mete 
} 
tic | mete eadings during reversal, on the ! 
t ‘ e) t i lit ’? ~ ? ? ’ ] ; 
, ireas 1 the slag as the bath 1s heated up towards t 
1 ‘ etu ian ( Ses ] 
, 4 4 la Ca [he r Sno emISSIVItv correctlolr 
e ¢ ‘ emperature : 
‘ The results by this method, as might be expected, « 
e! é lire nta ( - i ! tine 
, 
t be used aS a basis for estimating the true tempe 
7 ‘ ore Tace te! n tur l t tne t 
f the bath, even though they were useful in shown 
t ( is t ~ 1 K i ‘ : 
y general course of temperature increase as influenced | 
nput and otner tactors 
‘ f ri + + 
. . > \ . 4 la a 
t é ( er tempe ture { ist el ¢ a} ( ? Oseland Tube Method 
t i i eared Y ( ea ( e( inv othe The iquid steel is observed wit] an optical pvrol 
t ! e ¢ atic tha tne esults Dy the al: through : n tut xv} »} } rted it the | wida 
ougn an open tube whicn IS Inse ea into tne iiquld a 
| ; {¥ ri { re ‘ atl r d : ; 
‘ is e ette S ‘ 9 ea . m1. Sa ' 
; . ‘ sciatic kept clear by a current of air. The method was develope 
5 Carl Oseland and F. L. Collins in 1936 at the Gary 
{ r ~ e equa it r te? é itu re Vas 2 \\ rks of the Carnegie inois Steel Corporation. 








J sodas odin erature, its precision 1s As originally bed,’ and as used at Pencoyd i 
} it | Wh. . a * , ne ¢ , ++ te? ‘ 1): ? , | i . re wa , , f 
. a he Collins-Oseland tube consisted of a six-foot length « 
erature take ng e tapping period, the Turnace steel pipe, closed at one end with a heavy glass window : 
: erature was 1 i to be diminishing at such a rate that provided at its other end with a steel tip having a cent 
+ ; | +) ‘ ? ry ’ t ? ’ | 4 ] | 
: - . au 4 pre i rites 5 to % In dlamete1 4 side opening connected 

' } I ( ns & CO ! S. Patent 20,019; N 
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source of alr pressure. See Fig. 1 for a diagraz 
and Fig. 3 for a photograph of its appearance as yrome 
tests at Pencoyd. “ie ch : ” 
ressure on, so that air is passing freely tl ug’! porce f ( 
heavy tip end with the small orifice is inserted edi ie tagger 1 
ljoor wicket and submerged in the liquid iron o1 n the stec ‘ ‘ 
eading is then taken with an optical pyromete) ected by 
rough the glass window on the bright spot out (Ph : 
he orifice in the tip. Readings must be made quicl ‘ s 
the pipe becomes hot enough to bend and before § 
gins to melt into the bath. 
ih the observer sees only a bright disk of light, the peratures are t 
ictually being made on the inner surface of a r the ava ; nt at il 
cavity in the liquid metal as seen through the o1 much greater than in the ap] al 
e tip and maintained by the jet of air. This cavity & to solid ste intact Balance 
“blaek body” (perfect radiator) because one side of } aS gainst this the fact that the 
1, and the optical pyrometer readings must therefore i tances are greater (six to elg! eet) 
ected. An emissivity of 0.61 had been roughly dete) é : the visible ea sma ind the tot 
it Gary, based on comparisons with optical pyrom Pre amount 1 nt ene ' 
lings, taken during tapping and teeming of the steel, ie minut 
proved to give temperatures that were too hig! The essential parts of C] omet 
a 1 (1) the nse rted tube ( 4 
IMPROVEMENT OF THE TUBE METHOD ‘ photoce (3) the automati 
Collins-Oseland tube method as just described was , yen 
» yield consistent readings in the hands of an experi For the receiving ¢ ve a u 
bserver. Its manual application in regular plant ee ae See en ( 
e, however, is difficult from a mechanical standpoint ayer type of photocell in Un 
res the services of two men: one holds the pipe it known as the Photronie C 
vhile the other takes readings with the optical xeHvVeTsS & CUFFeNt {01 ; a 
eter. The observer is under some nervous strain to ob hundreds oF mi amperes pr ARTE TT ) 
reading quick proportional to tne intensit 
e has to locate eceived on the cell surface. The « 
small orifice, ent produced 1s nearly independ 
t properly with external resistance and of the temp 
ament of the itu I the e Phe e 
al pyrometer, ’ cca ee » subject to damage |! temp 
ake a blend In : Lbove au I and s! ud there] ? . 
- see : uarded against erheat 
ope mmees FE —shitiainyann ii aan pent 
ise of the ait ie : is of am] 
bbling into the eS ecording the current can be 
bath, the tube te ved. I example, tne ce 
ely steady and = eyaghee: 
optical pyrom Fis Collins-O« 5 schon dit’ 
ny t en Wile rt | 
diss Vit mete 1 - 


dinarily used 


ants is not suffi 











sad baste ati 


OSE, ae 
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vy rapid to permit taking an accurate reading in the rent can be sent through a fixed resistance and th t 
able time. Finally, the method is open to the serious tial drop across the resistance can be recorded by at t 
ction that it is subjective: no autographic record can be matie potentiometer. Or, the current can be at he t 
ned. operate a recording ammete In eithe case the eX ( 
We therefore undertook to make the method automatic by scale can be calibrated in terms of the bath temperature 
pyrometer in place of the The Collins-Oseland tube itself, as used origina ith a 
1 to be modified to adapt t to the use 


a photoelectric recording 
optical pyrometer, had 


il pyrometer, and now have a satisfactory combinatio 

is In routine use. of a Photronic cell as the sensitive element in automatic i) 
lhe photoelectric automatically-recording part of the py dieating and recording of liquid steel temperatures. A 
neter was first developed several years ago by the Re ternal tube has been added to support a set of diaphra 

1 record arranged to prevent wall reflections. This inner tube ¢ t 

unit in maintaining the prope 


rch Laboratory to solve the problem of high-spee 


Its adaptation to added stiffness to the entire u 


of solid steel surface temperatures. 
bath pyrometer was easy in principle because the tem alignment of the optical parts within the necessary limit 
see Fig :. It IS impossible to prevent some distort 
M. Larsen & W. E. Shenk. Temperature Measurement with : 
ng-layver Photocells. Temperature Sympostu Amer n Inst 
Physics, New York, Nov. 2-4, 1939 Brot Pat | 
R. B. Sosman. Pyrome of Solid ind Surf 
ety for Metals Cleveland, Ohio, 1940, 100 7 ore 
Q Fig. 4. Diagram of sighting-tubs f {| 
electric open ube i ith Py ometer I rawing 


S. Patent 2,184,169 


idapted from l 
t Outer pipe 


A Replac ible steel tip; B 
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ee 7 : 
a — tal T T T T ( Inner pipe: D—Diaphragms } Hose 
——— connection for air supply; F—Pr 
glass: G—Photocell 
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iced U! lO} It is therefore possible to 
mperature of a bat f given composition—pr« 
1 temperature is uniform—to this precision. Th 
ean tha e know the actual temperature to al! 
e accuracy: absolute determinations must 
er study and calibration 
he mplete unit attains full-scale deflection 
ind a satisfactory temperature determinat 
] e St nds. I regular stee plant rvi¢ { 
I l constitutes standard } ictice n takl! 
Phe Stee tube n tne ands of an experience 
pe i ! e than a tl isand readings and, t 
Le ndling, o1 the iter tube and t 
( R lings at te ite tervals can be 
( n he take ! i} 1 succes t 
¢ ne essary T the tube tT cool 
Comparisons have been made with compressed 
¢ Ibe nstead f air o7 dinary ste batl 
n during the last stages of the refining p: 
trogen gave readings about 50°F. lower thar 
{ a i ed \ l y rnt nere is l 
] erence vith increasing carbon content I 
il explanation of these effects it may be 
tt i and nitrogen have a primary effect 
a Cl ng of the surface of the liquid meta Wit 
neg ild be balanced against the actior I 
ictil th the surtace, brigntening and heath 
etfect of making the apparent temperature hig 
P t furnace deoxidatior mr DLO n t } 
els e Ta simila except for carbon conte 
sene n some cases of the less easily oxidize 
nstituents nickel, molybdenum and coppe f t 
mperature readings during this period s ild be 
r nparable However, the method iS als ‘ 
sed atts Turnace deoxidation, and aft t 
ne constituents, on nea Vy every grade ! 
ste made ! i ner earti Turnace { 
t ind al indetectable effect f m Dat ( 
e me Md IS Delng’ used als ! egula } ! 
ectric Turnaces, Dot In the Turnace and In the 
els t 1% mang nese ind in the i¢ 1 poe 
{ ) » I 2% ( i pon, a t! Sat ST icto { 
That there s 3 effect whateve fro ( itl 
” Ss in bable; but this effect Ss so sma ( 
I.) nat we ire l ipie 1 aetect t with ou 
tisfactory methods of comparison. It seems quit 
at tl apid and continuously enewlng inne 
bubble r cavitv is swept out of the held of 
enemica eaction. Cal mal ife st itself, and a 
ave an apparent emissivity whic! ill va 
Ul ations in the smal imounts I alloyil 
ts. ( sequently, the conditions are not compa 
‘ t rfa ot tapping o youringe st 
| tu r method e fro thy ? 
niecte tt ne most ¢ tica nda tre lent 
itl! ind aithoug! t } n¢ ts Ww t! 
sé ~~ init , different ‘ 
inne t ( nauct it the ea est possipie n rie 
te ( eeks } means a < T ~ T 
= ] r ( 1 1 ctu ls 
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Locating Buried Conductors 


. 


Method Employing Ground Tester as Signal Generator 


By G. J. GROSS 
Assistant Transmission Engineer, Pennsylvania Water & Power Co., Baltimore, Md. 


\w Fitt | | 





xtend the grounding system for increased lightning l ine t bye ( ri r © { ( 1 
ection on an mportant electric power transmIsslo} ! the ¢ ine ( stance ( cu 
there was a need to locate the existing wires and comes and may be « ed the 
ed 1n the ground. This papel describes a device two Va\ 

a ae veloped for the purpose, using a commer al (1) a urning’ the Me pyre at hni¢ ‘ CSG: i ruce 
e strument and a home-made auxiliary coil. Othe signal current at a | er f len ner ng t 
suggested. ty 
(2) Changing the Megge cal e to it ‘ 
eed. Along a 250-kv. single-circuit steel tower trans such as divide by 100 or by 1000, increases the aud 
ine there originally had been installed in 1931] for two reasons. First. the rang tch shants the 
unterpoise or “crow-Teet ground wires, eac! 1) meter current coil and its ' tance. therel ner 
buried about 18” in the earth, and terminating o1 the current delivered by the generator in the Mey 
ground rod. One problem was to locate these rods Secondly. as learned hw g¢athode-ray ost = 
re-ends so as to make extensions to the grounding the ave-shape of the signa t e change f ma 
, top unipotential Wave everse t the commutat { 
Former Method. When the job of counterpoise exte! vhere the wave top or “half cycle’ contains a numbt 
egan in 1936, the ground rods were located by a ‘‘guess scillations, probably commutator eee hese help ¢ 
method. [Description deleted.—EDITOR | crease the signa 
Impro ed Me thod. To attack technically the propien 
ied wire location, an attempt was made to utilize a Let ee? 
liametet? pickup coil and telephone recelve! a device Meee G 
yed years ago for the spotting of electric service line Teste A eine 
les that caused interference in communication cireuits ann ae cay 
table coil was made by winding 175 turns of No. 253 se 
eled wire upon a wooden bieyele whee n pproxr 
liameter. Wire ends were connected to binding post 
the rim was taped for wire protection. A nominal 7 Below 
aten-case tele phone receiver with head band was us« Mi. ‘ 
etecto lester 5 
vas the intent to employ the coil as a locator by the : 
‘tion from leakage currents in the buried wire. It was 
1 that this was not possible because there was a great t 4 
nfluence from current flowing in the transmission line < LV, a ZY > 
ead. Consequently, the idea of using the co as a 4 y 
e detector was abandoned. NN 4 
seexriorte £ liohd . mney ots . his aN 4 
” rtant phase T lig! thing protectior ‘ans RECEIVER a y AN 
n lines 1S Knowledge of resistance to ground of the MEGGER p Nt 
gs or a supporting structure and als auxiliary ne SS cS 
nding. Fo such resistance testing we have ised a EXPLORING COIL - g | | 
o'¢ Ground Tester which is a portable instrument co = ] 
ng a a-c. generator, eversing commutators and a | Hal li asia nee eka Saas oe aoe seems eee aad deal 
eading ohmmeter. (The commutator reve test BURIED WIRE 
t so as to avoid errors from stray earth « t 

tion of eleetrodes.) 

as discovered that test current f ! the Meg \ M “y ‘ 
Tester produced a distinetive signal in the pi 1} sig VeNE tele ‘ 
experiments were conducted to improve the corre CelVe i etect t f tave e ( 

1S f the combination, utilizing the Meggr as a f sitive and ac at cat t bur 
generat As developed after extensive experience tis Phe Mi ( t 
e field the practice now employed is as f letermil fy t 
uried ground wire, of which the lengtl catior nat aus v1 ct ent 
sired, is disconnected from the tower. The ¢ and ( (Z) The Megge ( t ‘ ‘ t ( 
nals of the Megger Ground Tester are connected to ice ( eplacement en ( 
and wire. The potential coil of the Megge s dis (5) rhe ( ( 
ted by opening the ln between P; ar ( thus ibuse 
g¢ the Megge) himmete element inoperative ne ge! (4) Phe et » N t . 
f the Megger is turned slowly by hand } ne mat ed. Mecha) neme 
putting a signal current on the buried wire. At to learn and they become ade I 
man, using the pickup coil and receiver, starts at th (0) The met} the locat 
to follow the course of the wire. This he does |} (@) Individua electri | net 
ng the coil from side to side, changing the axis of driven ground as, (¢) burie Ue ‘ 
ging transversly to obtain the maximum signal. | Q metallic ducts, (¢/) l ele ‘ ce tele 
gk away from the tower, the signal gradually dimit vires ith 1 met ¢ sheat 
because signal current leaks off to earth. When ther (6) The met can be u te I 
stinetive dropping off in the signal there is a wire as open circult n ground es poe ( cult 
tinulty, so the col s moved back and forth a gy its esistance § n burie ] ‘ ct 
INSTR Mi | 





ocating Buried Cables and Pipes 


By H. C. MARCROFT 


lest Engineer, Pennsylvania Water & Power Co., Holtwood, Pa. 


Mention in First Annual Instrumentation Cont 
OTN cating cable pipe es, conduits or other metal observed on the small voltmeter on the front of the 
ec conduct } ed in the ground or in concrete floors fier. Knob 2 is adjusted to a value of resistance whic 
a thout having to dig, the apparatus herei the plate meter read zero. This adjustment is ma 
lescribed has proved of value many times from the stand the pick-up coil away from any magnetic flux. 
nt of safety and in the saving of time and money. Ar The pick-up coil is now used to explore the areas 
ficial permanent order has been issued to all work crews By means of knob 3, sensitivity is controlled to 
the company wit! vhich the vriter is associated, to use strength of field in which the pick up coil is used. 7 
Detector in all places where cables, conduits or pipes is energized only by magnetic fields and is, ther 
] e” et ( 1 il 1? Ing or digging current-detecting device; the voltage of the cireu 
ne apparatu comprises a magnetic pick-up coil on a worked on is ef no concern. Both the location and d 
core, a vacuum tube amplifier (battery operated), of a hidden conductor can be learned since the pick 
cating nstrument n the plate cireuit of the will embrace the field when straddling the conduct 
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tubs This is a Westinghouse Style 425253 micro 
neter, full-scale deflection 100 ma. A later tvpe with a give a maximum indication, while a 90° rotation 
eale deflection of 150 ma. is sometimes used. It has a coil will give a zero indication. 
tance of only t ohms The slightest deviation from position is easily det 
the microammete = at the left. the amplifier it which is of great importance in laying out 3-phase 
e center, and the pick-up coil at the geht (attached to a lines because of the phase relation of the three fluxes 
andle f convenience) eral of the more common situations are shown in | 
] WwW Detector " l1S¢ ! ’ outdoor sub Arrows showing phase relation are drawn for a cle 
n yard. The conduits are about 8 feet underground derstanding of the action of the pick-up coil in 
\ ne if stakes can be seen marking the locatior ver various configurations. The mete. indicatio1 
Phe ick-up coil was made by taking a 1200-turn coil drawn on the vertical seale above the floor level. 
vatt ir meter and placing it on a small lami Where the Detector is used at depths of several fee 
ted I iped core taken from a contactor. It measures more, or for the location of interconnected piping wh 
ss than 4” max. dimensio1 t is sufficiently sensitive whet is impossible to isolate single sections, it is desi! 
the n fier t etect 60-eyele currents of 2 o7 have a loading transformer for obtaining currents < 
in a distance of one foot eral hundred amperes at low voltage. Such a transf 
| mplifier ¢ lit Ow n Fig. 4. The ibes are can be made from a discarded 5-kva. distribution t 
tvpe 201-A. The first is used as an amplifier; the former where the low-voltage winding is in good co1 
en 1 biased detect The plate and bias batteries by stripping the high-voltage winding. The test ca 
ire the small 22 it units commonly used for portable looped through the core several times to give the de 
vork. Four of thes« ire carried in the amplifier cast The current for the Detector. 
filament power is supplied by four No. 6 dry cells D-e. cables can usually be located with the Detect 
ro operate the Detector, the filaments are turned on by they carry current generated by a d-c. generator. T 
? il f A! I l i! the con ect \ ltage O! the filame? ts 1s nade possible by the commutato ripple. The ripple eff 








ts frequency is rather high, which increases the easily by putting current through them. Wires in flexible 


of the pick-up coil of the Detector. metallic conduit or BX cable can be detected by puttin 
tector has a big advantage in being able to detect current through the wires; sufficient leakage flux is present 

commercial a-c. circuits directly without addi to operate the Detector where the cables are 8 feet under 
paratus except in cases where the circuits are ground, with only 50 amps. in the cable. [ron conduit vi 
n iron conduits. Even then, the conduit frequently been located 13 feet underground with no difficulty 

ugh ground eurrent to operate the Detector. In This Detector has proved to be of such high valu 
ere it Is necessary, current may be put through many occasions that it is difficult to think of trying t 
lits and the loecatinns found just as easily as fo anv work around hidden eonductors or pipe ne t} 
led circuits. Oil a..u water pipe lines are detected calling upon its service 


A Buried Conductor Detector 


By KENNETH J. GRANBOIS 


Safe Harbor Water Power Corp., Conestoga, Pa. 


LW ‘ Hor I \l I 
¥ HEN eable conduits are placed in concrete it is not Kig. 3 shows the variation of indicated current 
W always practical to follow the precise location show) tance between the ex} ne and the buried « 
on drawings; but when chipping or drilling is to be different values of 60-evele current applied to the cable 
near these conduits it is necessary to know their exact coil axis being at right angele to the eable and the « 
ns in order not to damage them—-not to mention the cable being separated | No attempt is bein: 
of striking a high-voltage cable. calibrate the instrument and prediet f from the 
exact location of any buried conductor can be located face a conductor is located. The curves only u 
ergizing it with single-phase 60-cycle current and lo imitations of the device. If the conductor more t 
the resulting magnetic field with an exploring coil 
xploring coil is connected to a contact type rectifier, po nig seine 
the induced current is rectified and indicated by a direct baat tt em 
ent microammeter. The three parts of the apparatus are 5 
in Fig. 1. Part No. 1 is an ordinary telephone induc des 
il with the primary and secondary connected in series, 
start of the primary is connected to the finish of the ; 
dary so that their ampere turns are cumulative. Part a 
q 
~ 
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TnoicaTee D-c. MicroamPeres 











pet i 
No. 2 is a General Radio copper-copper oxide rectifier. Part 
the indicating instrument, is a Weston Type 440 
croammeter, 150 ma. full scale, 3.6 ohms internal resist = 
The instrument need not necessarily be a microam 
ter. A sensitive portable galvanometer would be better if 
xtremely weak fields were being explored. Fig. 2 shows the 
and rectifier assembled on a convenient handle, ready Disvance From Canus-Inenes 
r locating cable buried in a concrete floor. 
If the cable to be located is a multi-conductor cable. only Fig 
conductor is energized. The return path for the current 
m the other end of the conductor is made by running from the surface, 100 amps. or more will be required 1 
ther conductor over another location so that the mag cate it; if it is within 8” of the surface only 20 amy 
c field of the return conductor will not cancel or inte? be required. A limitation of this method is interfering i 
with the field of the conductor being located. When the from nearby energized conductors, such as an isolated phas« 
ter of the exploring coil is over the cable and its axis is of a bus or a ground bus 
ight angle to the cable, the indicator reading is maxi The exact locations of buried pipes as well as cables have 
when the exploring coil is turned 90° the instrument been determined with this device by energizing then tl 
is zero. The amount of current applied to the cable being several hundred amperes from a high current pipe-thawing 
ited depends on its depth, the size of the conductor and transformer. The device is rugged and easy to operate An\ 
source available. operating or maintenance an can use it with confidence 
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Physical Processes Which Occur 
Point Where a Hardness Test is 


at tie 


Mac 


Concluded from March J ‘é 


By S. R. WILLIAMS 


Professor of Physics, Amherst College 


CREEP” AND HARDNESS 


| : ght or s point the following 

t Ww Tor 1 It thes ts origin in an 

ne discovery nade by Osborne Revnolds many 

uv “M 1} illed he phenomenon of dilatanev. 

It \ xplained simply by saving that if spheres 

} ] 
pra tes ranged I lormnal pring set | ig 

t, Apr. 1937 instalment) the intergranular spac will 
I Disturb this condition and the space be 
“ ntl spheres ! granules will be increased Every 


noted this eft t when walking on a sandy beach 


7 \ 
ifter a wave has retreated The vr 


ins of the sand 


' 
, n left in a condition of almost normal piling 
ind water still tills the interstices between them. If 


irbed by the foot the intergranular 


ised and immediatels the surface of the 





Fig. 249 


\ rubber tube is filled with closely packed sand whose 
interstices are again filled with water. When the stopper S is 
closed with no air in the tube, the latter becomes quasi-rigid 


sand mses its surtace wetness because the 


water has been 


itmosplh ric pressure into the increased inter 
Osborne Re vnolds 
1 


showed that if a rubber balloon is filled with sand and all 


granular space within the 


sand 


interstices are filled with water so that no air remains in 
he balloon, then the balloon with its sand and water take 
on peculiar properties. By removing all air and shaking 
the balloon into a pancake shape and then closing off 
t neck of the balloon, the rubber pancake became 
quasi-rigid. The shaking down of the sand into a lozeng 

shaped piece put the sand into normal piling. On closing 
h rubber bag tightly, trving to chan { 


gel 


s shape in 


reased the ntergran ir space and itmosplhe ric pres 
Pi +} } 
sure forced t] ber envelope rigidly against the sand, 
iking the w svst yt balloon 


sand and water a 


Following this idea of Reynolds a piece of 
10-cm. d 
into a Chis tube was 
off at one end by a metal cap C, Fig. 


other end a 


inner tubing of an automobile tire, of 


was cul length of 75 em. 
249, and 
inserted int 
the screw cap S of a hot-water bottle had been so 


This screw cap made. it possible to fill the mout] 


similar metal cap was 


opening of the tube with water and thus eliminat 
when the plug was screwed into the opening. 

When the tube, filled with sand and water, was f ly 
sealed off it became quasi-rigid and could be laid 
roller supports analog 
the experiment shown in Fig. 244 with the square 
marble laid on two knite edges in which the latt 


responds to the rollers under the tube of sand and r, 


is shown in Fig. 249, quite 


Due to its own weight the tube has strains set up w 

the sand and water, which release by slippag 

grain boundaries. The tube with sand and water VS 
ilso the creep effect like marble but it goes much 

This is shown in Fig. 250. The size of the sand us 


A 


Fig. 250. The phenomenon of creep in a rubber tube « 


packed with sand and water. 


this experiment was such as would pass a sereen 
mesh but would not pass one of 16 mesh. The cree} 
measured by setting a tripod mirror M, Fig. 


249 
its two rear legs on front one 


a ring stand and the 
itself. As the center of th 
sank a spot of light, reflected from the mirror M, n 
ilong a scale. The 


wav. Much more 


ing on the rubber tube 


curve in Fig. 250 was obtained i 


work should be | 


done on this phas 
the work. such as effect of grain size and kindred 
Fig. 251 is a photographic reproduction of the mov 
of the spot of light. This shows again that the pr 
of creep goes forward by 


steps in a granular str 


and one could in a fashion imagine these as cycli 


% ] 
Similar experiments are with glass 
have all seen glass tubing laid on two supports 


stock room and observed that in a vear or 


inder way 


the 


sO 


has crept into a permanently curved bow. 
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ilar interest will be the creep effects to be 

plastics Art they granular? It slippage OK 
solid solution it would be over atomic or mol 
ies and therefore the steps, if anv, would be 
) observe by ordinary methods 

factor plays an important role in hardness 
irticularly for superficial hardness testing, and 
influence of fine cracks in the surtace, cracks 


se from cold rolling, from heat treatment and 
rgcement of initial cracks by rusting, all ot 


1 to weaken the surtace tension of th solid 


of surface tension or the lack of it was. re 
1 in a rotating, circular disk of a phonograph 

author possessed. A hole had been drilled 
he center of the disk, which was then mounted 
ndrel in a lathe to trim off the upper surface so 


would be at right angles to the axis of rot 


ition. 
oving the surface and releasing the strains by 
ny thre surtace tension, thre disk curle d downw ird 


looked like 


vy if this surtace 


a trench helmet. 

laver in any kind of a material 
sened, the hardness numbers will not be the same 
the uniform undisturbed surface. A weakening in 


irface of steel by fine cracks in the rolling and 





251. Photographic record of the creep in a tube closely 


ked with sand and water. 


pering of the mainsprings of watches was vividly 


rht out by a study of the breakage of watch springs 


h was found to be seasonal. 
There are certain trade beliefs or notions which pre 
widely among those engaged in those trades or pro 
sions. Among jewelers, for instance, it is a common 


ef that immediately after a thunder shower more 
insprings must be 


replaced than at any other time. 
thunder showers are a cause for an increased break 


of mainsprings and that the primary cause is either 


trical or magnetic because of the electrical discharges 
he lightning flash. 


In order to study this point experimentally, a watch 
5 ecm. long. Nos. I, 


g was cut into strips about 


nspring 
5, ete. were put in one pile and Nos. 2, 4. 6, ete. were 
ed in another. One set was a check set for the other. 


se strips were then put under a strain by bending 


the two ends 


round hole drilled in a strip of metal as shown in 


into a U-shaped form and thrusting 


ider this condition of strain twenty or more strips 
watch spring were subjected to intense magnetic 

electric fields. No breakage occurred. What other 

kage? Evidently moisture, and if this moistur 

to the humidity at times of thunder showers, then 


re ikage 


\\ ims \ Seasonal Krea VI 


must be seasonal. According] the recor 
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Via BENDIX-CORY 


AUTOSYN (& 


Remote Signaling Units 


A pair of Bendix-Cory Auto 

syns do the t k P 

simple t e€ ig 

between ea trument 

its € te i te The y 
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any kind of reading — pre 
irrent 1d, Yr.f si tic i 
ite-ol-tlov nt limensior ' 
iquid level. In large aircraft they 4 
bring the functioning of engine: ; 
and ntrol elements under the 
eye I the pilot Ir ndustr 


plants they bring required dial 

readings to any central point 
Made in several sizes an itypes 

accurate within 

(42 or yn specia rder 


Write for details. (It will be hel 
ful if you give some data as te 
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Non-Inductive 
POWER RESISTORS 





% These new Clarostat Series Z cement- 
coated power resistors positively offer 
the lowest inductance yet made avail 
ible by non-inductive resistors. Just 


the thing for applications requiring 
minimized inductance in a power 


resistor. 


Write for DATA. 


C LA tok yy iy T Ma lunufacturing Co. Ine. 
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books of two jewelers in two different towns of 


Ohio were consulted. If one takes watch spring 
ment as going hand in hand with breakage t] 
can be no doubt that a seasonal breakage ox 
average curve was plotted for the five vears, 1 
inclusive, on the basis of the number of rep 
per month. Also for the same five years an avera 
was run for the number of thunder storms per 1 


northern Ohio. Fig. 253 shows these two sets of 





Fig. 252. Strips of watch springs were put into a state of 
by bending them into a U-shaped form. Rust enlarged the cracks 
in the surface of the steel springs and weakened them s 

they broke. Rust developed easiest in water-filled jars 


\ seasonal breakage is quite evident. In order to t 
effect of moisture on the springs, metal strips 

twenty or more strained pieces of watch spring 
placed in tall glass cylinders laid on their sides 
Fig. 252. In alternate jars small dishes of water 
placed and in the other small dishes containing 


phorus pentoxid: 


The results of a number of tests are herewit!l 


S Davy N 


These results are most COonVIncIng As a further 
some of the strained springs were coated with 


the others left uncoated. Both sets were then pla 
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This new catalog is modest but 
its publication is important 


253. Correlation between thunderstorms and breakage of 
1 springs. 
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mosphere of moist air and the results are recorded 
following table: 





Kxperiment 1 was made on a spring fresh from the 
ry, while experiment 2 was an old spring which had 
lving around in the laboratory and showed rust An Important Event 

ts before being oiled. The above experiments lend 1 = a 

ght to the idea that watch spring breakage may be le appearance of this modest catalog means 


luced by preve ntive treatment with oil. In eve rv one the world’s most accurate 


the broken springs it was observable that rust had 


ned along the line alon@ which the break occurred pressure gauges are at last 
commercially available 


The News Behind the News 
l 


In the « rilv nineteen-twenties ilmprovement ! 
struction ot hbvdraulie tvpe testing machines created 


tor pressure wauves far more curate ind eliat 
the best “test gauges” then on the market 
fo f ée ARK ee eee ee 
could not be solved, Otto W Lleise indertook 


ind he solved them 















3 Since 1924, all Southwark-Emeryv hydraulic 
chines have been equipped with the rau s designed by Ott 
\W Lleise two or three on enel machine From the start, the 
, extreme-precision gauges contributed to the outstandiu 
ca\Let us prove the advan- formance of these machines 
— " { ras not oO hy or overnmel department 
aco quality plus Dunco | ° i reg rine 1c] 
3 ‘ ain sities am rreat industries began placing urgent 
service in fitti units to your specific siiias: sume th ae ted wee beens peetialen 
requirements. D@m‘t. guess on any- measurement was imperative 
he performance 5. To fill U.S. Navy and other important ord eing 
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is proud to announce a new 


The Type 208 Cathode-Ray Oscillograph is replete 
with features which will make your work easier and 
more pleasant, which will extend your investigations 
into studies not previously feasible without much 
labor and expense; and, because of its outstanding 
engineering and completeness, this instrument will 
leave something in your budget for other needed 
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Detailed data describing this radically different in- 
strument is now ready. Your name and address are all 
we need. 
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